In dependence on the type and later application, the layers of cables are made from many different kinds of polymers. However, most often, because of good mechanical properties and many other advantages, they are first of all made from polyvinyl chlorine (PVC). The aim of the conducted research was to discover the influence of modifying PVC with selected agents that is a blowing agent, in the course of the extrusion process, inclusive of determination how the modification affects selected technological properties and properties of the surface of PVC extrusion product. The article presents specification of cellular extrusion process of thermoplastics. In the research, endothermic and exothermic chemical blowing agents in the amount of 1.5% by mass were used. The experiments involved measuring output, energy consumption and energy efficiency of the process.
die reaching the value of atmospheric pressure.
The effects of polymers extrusion using the blowing agents are new and modified physical and technological properties of cellular products [3, 4, 5] . These are for example: smaller density of received product, better damping properties, small processing shrinkage, better damping and insulating properties, bigger resistance to fire and the possibility of utilization after using.The examination of the process of extrusion, which was conducted by the Lublin Technical University attended by the authors of this article, among others, refers to the production of the covering of cables of different types and various applications of cellular plastics (example on Fig. 1 ) [3, 4, 5] [4] to decomposition, number of cells, mechanical properties and structure of cellular extruded products made of HDPE/PP, PVC. The studies conducted by P. Palutkiewicz [5] to investigate the effectiveness of manufacturing cellular products are also significant. Nonetheless, it must be emphasized that the above studies focused on cellular injection molding and the effect of modified processing conditions in a singlescrew plasticizing unit on physical properties of manufactured products. The studies [3, 8. 9 ] also describe the effectiveness of producing cellular products, yet only with regard to the material effectiveness at variable extrusion conditions.This method causes a product of different properties to be received and takes effect in the decrease of the cost of purchase of polymers, increase of the extrusion efficiency, lower cost of energy of the process as well as lower transport costs in the course of manufacturing cellular products.
The aim of the conducted research was to discover the influence of modifying PVC with selected agents that is a blowing agent, in the course of the extrusion process, inclusive of determination how the modification affects selected physical properties and properties of the surface of PVC extrusion product. Another objective was assessment of the examined polymer in terms of required conditions and properties of porous product. The article presents specification of cellular extrusion process of thermoplastics.
Experimental
One problem that is rarely discussed and still inadequately investigated concerns the effect of various blowing agents (exothermic, endothermic, pellets or microspheres) on the effectiveness of cellular extrusion. The results reported in the studies demonstrate that the chemical properties of the blowing agents facilitate the polymer flow in the plasticizing unit and extruder head. They do not determine, however, if the blowing agents have any impact on the effectiveness and efficiency of the extrusion process.
The materials used in the experiments included plasticized poly(vinyl chloride) (PVC) and three types of chemical blowing agents. Polyvinyl chloride (PVC) manufactured by Alfa PVC Sp. z o.o (Poland)., having a trade name Alfavinyl GMF/4-31TR, was used in the study on cellular extrusion
This process leads to the replacement of the conventional extrusion of the covering with the cellular extrusion process. The research of the cellular extrusion of thermoplastic polymers refers to the process of modifying product properties in the way of porous of the basic polymer with use of a blowing agent and also through a change of the extrusion conditions and construction features of the elements of the plastifying system and the extrusion head [3, 4, 6] . Autors [6, 7, 8] investigated the extrusion process with regard process. This plastic has density ranges from 1230 to 1400 kg/m 3 h is between 4.3 and 4.6 g/10 min, the tensile strength at break is ≥ 21 MPa.
In accordance with the established research program, plastic intended for extrusion was modified by introducing the blowing agent during the stirring process. In the research presented in the article, a blowing system having a trade name of Hydrocerol 531, produced by Clariant Masterbatch Division LyCell-F017 manufactured by Ly-TeC GmbH, and Expancel 950 MB80 manufactured by Akzo Nobel was used. Chemical blowing agents are modifying agents that react at elevated temperatures and cause the cleavage of organic or inorganic bonds, thus producing gas and, eventually, creating a cellular structure. The blowing agents applied in the experiments had the form of pellets and, as a result, they could be mechanically mixed with the polymer being processed. The decomposition products of the applied blowing agents mainly include carbon dioxide CO 2 , a small amount of water H 2 O and nitrogen N 2 . Selected properties of the discussed blowing agents are listed in Table 1 . Hydrocerol 530 is an exothermic blowing agent with nucleating properties. The active substances in this blowing agent constitute a mixture of appropriately proportioned chemical compounds such as azodicarbonamide. LyCell-F017 is an endothermic blowing agent. This blowing agent is a mixture of sodium acid carbonate and 2-hydroxypropane-tricarboxylic acid (citric acid). Expancel 950 MB 80 is a blowing agent that has the form of spherical thermoplastic polymer capsules (microspheres) that contain a hydrocarbon gas. This is an endothermic blowing agent. Expancel microspheres do not bond because the capsules retain their blocking properties, which prevents release of the constrained gas. In the research, endothermic chemical blowing agents in the amount of 1.5% by mass were used.
The experimental tests were conducted on a laboratory technological line for profile extrusion, its main component being a double-screw extruder EHP 2x20 Sline (Fig. 2, Fig. 3 ), produced by Zamak Mercator (Poland). The extruder's plasticizing unit had four heating zones, the screw had an L/D ratio of 25 and an outside diameter, D, of 20 mm. The rotational speed of the extruder screw ranged from 0 to 200 revolutions per minute and was adjusted continuously. The technological line also consisted of a head for profile extrusion. The head had a replaceable extruder die to enable extrusion of profiles with different sizes and shapes, both symmetric and asymmetric. Used for tape profile extrusion, the die had a width of 15.5 mm and a height of 2.0 mm. The extruder head was made up of two heating zones and two corresponding ring-shaped heaters mounted on the head body. The extrusion line also consisted of a cooling device that had a length of 1740 mm, width of 220 mm and depth of 200 mm. In the tests, we also used a belt haul-off; the belt had a width of 100 mm and a length of 2000 mm.
The extrusion process was carried out under the developed and imposed conditions, set in the extrusion process line. They included the following: temperature values of heating zones in the plasticizing unit were respectively: 150, 170, 170 and 185°C; temperature values in the head for the three heating zones were respectively: 160, 160 and 150°C. The determined rate of screw rotation was altered within the range of 50-100 rot./min)., whereas the receiving speed of the manufactured cable coating was 150 m/min. Temperature of the cooling agent was 12÷14°C.
This set included directly and indirectly investigated parameters, as well as variable, constant and disturbing parameters. During the tests, the following were measured: the electric energy consumption, the temperature of the extrudate on leaving the extruder head die and the weight of the tape produced in the processing. After the measurements, the rotational speed of the screw was increased and once the process became stable, we measured the energy, temperature and weight of the produced tape applying another rotational speed of the screw
results
The blowing agent was dosed in 0.5-1.5% by weight, so as to produce extrudate (tape) with a solid surface and a cellular core. The shape and outside dimensions of the product agree with shape and dimensions of solid products made of the tested PVC. The photographs of the cross section of the tape were taken on the stand for image analysis of cellular plastics that consisted of the Nikon SMZ1500 metallographic microscope equipped with a digital camera, the DS -U3 sensor and a personal computer with suitable NISElements Advanced Research software (Fig. 4) . The macroscopic structure of the produced cellular tapes was examined at the stand for polymer cellular structure image analysis. The stand comprised a metallographic, optical image recording devices and a computer equipped with specialist software. The examples of the cellular structure of coatings produced are shown in Figures from 5 to 8. The coatings made of PVC with 0.5% blowing agent (Expancel 950 MB80 and LyCell-F017) content do not have sufficiently cellular structure (Fig. 6, 7) .
The cell dispersion patterns in the structure could be attributed to the non-uniform dosing of a very small blowing agent amount into the polymer and the characteristics of the applied blowing agent with the endothermic decomposition behavior. The tapes produced with the blowing agent content amounting to 1.5% or more had a uniform cellular structure, especially in terms of the thickness of the coating produced (Fig. 8) . Based on the analysis of the photographs taken, it can be seen that the coating with the 0.5% blowing agent contents has a visible solid outer layer and most uniform distribution of similarly sized cells (Fig. 7) . In contrast, the coating with the 1.0 and 1.5% blowing agent content has a visible concentration of similarly sized cells (Fig. 8 ) that can -in extreme cases -lead to the discontinuity of the product covering solid outer layer.
Based on the experimental results of poly(vinyl chloride) cellular extrusion, we could determine the relationships between the mass and volumetric flow rates of the polymer, the power supplied to the extruder and conveyed by the polymer as well as the energy efficiency of extrusion and the type and content of the blowing agents and rotational speed of the extruder screw. The results of the direct parameters are listed in Tables 2-4. give the results of the resulting parameters that describe the effectiveness of cellular extrusion. A selection of the experimental results is given in Figures 9  through 14 .
We did not observe any relationship between the type of the blowing agent applied (endothermic or exothermic) and the energy consumption determined on the basis of the number of revolutions shown by the electricity meter. Nevertheless, a twofold increase in the rotational speed of the screw increased the energy consumption of the process by approx. 12%, irrespective of the blowing agent applied.
Examining the results of the extrudate weight and the polymer mass flow rate (Tab. 2, Fig. 9 ), it can be claimed that the effectiveness of cellular extrusion increases with increasing the rotational speed of the screw. This increase is, however, dependent on the blowing agent applied and its content. On the average, the endothermic blowing agent increased the process output by 15% -27% for 0.5%, 1% and 1.5% of this blowing agent, respectively. The addition of the exothermic blowing agent increased the process efficiency, on the average, by 25%, 23%, 20%. The results of the amount of energy supplied to the extruder and the polymer in processing, calculated based on the results of the power Qe supplied to the extruder and the power Qp conveyed by the polymer, reveal the effect of the variable parameters, i.e. the type and content of the blowing agent and screw rotational speed, on the investigated parameters (Tab. 3, Fig. 10-13) .
The increase in the rotational speed of the screw and concentration of the blowing agent led to an increase in the power conveyed by the polymer.
The highest increase in power was observed when the endothermic blowing agent was applied (Fig. 10, 11) . With the increase in the rotational speed of the screw, the polymer-conveyed power increased on the average by 28% at 0.5%, 42% at 1.0 % and 49% at 1.5% content of the blowing agent. The addition of Expancel 950 MB 80 (Tab. 3) led to an increase in the polymer-conveyed power, on the average by 10% at 0.5%, 30% at 1.0% and 42% at 1.5% by weight, respectively. The results of power supplied to the extruder demonstrate that this parameter increases in each tested case whenever the rotational speed of the screw is increased. We did not observe, however, any dependencies between the content and type of the blowing agent and the power supplied to the extruder at various rotational speeds (Tab. 3).
The results of the volumetric flow rate of the polymer given in Tab. 4 and in Fig. 12 reveal the relationships similar to those between the polymer mass flow rate and the type of the blowing agent versus different rotational speeds of the screw. The measurement of the amount of energy supplied to the extruder and polymer in processing allowed us to determine the energy efficiency of cellular extrusion. The results of energy efficiency he of the extrusion process given in Tab. 4 and in Fig. 13, 14 . The energy efficiency in PVC extrusion with no blowing agent applied was approx. 28 % (Tab.4) .
The experimental results demonstrate that the increase in energy efficiency is caused by both a higher rotational speed of the screw and the type of the blowing agent applied. However, there is no relationship between the percentage of the blowing agent applied and energy efficiency of the cellular extrusion process. 
conclusions
The experimental results of cellular extrusion demonstrate that the decomposition characteristics of the blowing agent (endothermic or exothermic) and its content in the polymer being processed affect the extrusion process and its effectiveness.
Chemical properties of the applied blowing agents facilitate the flow of the polymer through the plasticizing unit and extruder head, which has a direct impact on the output and efficiency of extrusion. This agrees with the observations reported in the studies [1, 2, 5] devoted to the use of blowing agents with different decomposition characteristics in polymer processing and their impact on the polymer being processed. As for products foamed using endothermic blowing agents, the gas production that occurs in the course of processing ends with cutting off the power supply (endothermic blowing agent). The produced cellular structure is uniform, with the cells having a spherical or spherical-like shape. The cells are of similar size, irrespective of their position in the product.
The application of the blowing agent with an exothermic decomposition behaviour results in producing a tapes with a more cellular structure. This is due to the characteristics of this blowing agent. The initiated exothermic decomposition of the blowing agent runs in an uncontrolled manner, even after the power supply has been cut off. For this reason, products foamed with such blowing agents have a non-uniform cellular structure.
The exothermic blowing agent produces heat during processing, which leads to the lowest increase in the extrusion output and energy efficiency. We did not observe, however, any noticeable effect of this blowing agent on the magnitude of the power supplied to the extruder. It must be noted, however, that the above observations are reliable only with regard to the blowing agent contents applied in the discussed experiments. 
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